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[ Physics Motivations }

1.  Explore phenomena induced by unavoidable systematic and random
machine errors, or imperfections in the Booster that may
generate continuous emittance growth and halo formation.

2.  Searching for other general sources of halo formation
in synchrotrons, or storage rings.

3. Since analytic predictions are somewhat limited,
reliable, and realistic 2-D or 3-D simulations are needed
to study halo formation and beam degradation in rings.

4. Building realism into the ORBIT-FNAL package.
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New Noise Module

New object-oriented Noise module has been
incorporated into the ORBIT-FNAL package.

The major features of the noise module:

3

2% Fermilab

Generates different types (dynamic and static) of random
Gaussian-driven noise around the synchrotron.

Calculate halo amplitudes, RMS transverse emittances,
beam loss, and statistical properties of random noise.

Noise strength can be controlled over in an input script file.
Parallelized with MPT (Message Passing Interface).
Exceptions and Error Handling



Simulation Parameters

MAD Lattice: FNAL-BST Lattice
Ring Circumference: 474.204810 (m)
Beam Kinetic Energy: 400 (MeV)
Br:0.7131
Vg : 1.4263
Trey - 2.2 (pSec)
Vrr. 5.4696
In| at Injection: 0.458
B, / B,: 7.303 /20.0232 (m)
o,/ a,:0.214/-0.180 (m)
o . /@ :-100.0/100.0 (deg.)
g,/ €,=5.0/5.0 (n-mm-mrad )
RF Voltage: 205.0 (KV/Turn)
Tail Fraction = 0.0
Transverse Distribution: bi-Gaussian
Longitudinal Distribution:
Uniform Distribution
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Max. No. of MacroParticles : 100K
Injection Turns: 10

Total Proton Intensity: 6.00E+11 (ppb)
RF Harmonics: 1

FNAL-BST Harmonic No.: 84

RF Phase = 0.0 (deg.)
Tracking Turns after Injection: 1K

v,/ v, (nominal tunes): 6.7/6.8
Q,: 0.04295

Space Charge: 25D

No. of Longitudinal Bins: 32
No. of Transverse Bins: 64



~ Building Realism into ORBIT-FNAL

@ The following perturbations are reflected in simulation:

* Magnetic alignment errors
1. Transverse Error
2. Longitudinal Error
3. Rotational Errors (XY, XS, and YS)

* Transverse / Longitudinal Space-Charge Forces
+ Power-Supply Ripples: AT / I <~ 104
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[ Power Supply Ripples }

Bn
Coae S [BP-I.dJ e T R -
B
Ko rer = [Bp - g j “lrear = Koiia o 1 rea
AK, = Kn,real B K”’id = K (Allj
Al AB [ AK,
| B Kn
HF = AKl,F . AXF I—Q ~ Kﬂrad)

9D _ AKl,D : AXD . LQ = 1(,urad)

2& Fermilab



1aquuny uin | Busors|

00K Qo0 006 Q08 004 009 008 Qdp  OOE 00 0Q) 0
I I I | | | | | | I 0

— g e I.....I-l - -
= P
re el s AT
v - ammmgim
T T N LD

o [T 1’

1 . . - ! !

- -

L

- 00¢

- 1 05¢

e L 1L,63),
sl A B R [ R

— :__F N __mf”.__r_

008

[Luin] eprnydiuy oeH



004

Jaquin un | Buspe.|
00K 006 008 00/ D08 008 OOy QOE 002 OOb O

L o ws

I 1002
I -1 008
I -1 007
I -1 00§
i - 009
i 100¢
- B
— m__E __ﬁ._ " -

fpEJLu-LuULL-1d) souER LU -2 Sy



300

200

100

NoSC + NoErr 5C
. p—] Endries 10000 Entries 10000 |—
g E Maan 1145 Mean 006006
T 800 |rus 3001 RWS B.082
'E [ |undarfiow L Underflow 0
IE 700 :— Ovarilow a Overflow 0
E T
600 :—
E No SC + No Err.
500 :— A/
400 :—
300 :— sC
200 :—
100 :—
[i] C g 1
40 -30 -20 10 0 10 20 30 40
X [mm]
Err Err + SC
P~ Entrles 10000 Entrles 10000 F——
Egun Mean -0.5557 Mean 0.7804
] RMS 281 RMS 8.8M
E gopE- | Underflow (] Underflow o
u Cverflow (] Overflow 1
T00
6§00 Err.
500, X
400
Err. + SC

NoSC + NoErr sC
v [ |Entries 10000 Entrles 10000 [
é - |Mean 00438 Mean 0.5562
Bsgol [Fws B.03T RMS 12.23
'E L |underfow 0 Underfiow @
w [ Overflow 2
e [
400
300[
2001
100
ol -
40 <30 -20 10 0 10 20 30 40
Y [mm)
Err Err + SC
= Entrles 10000 Entries 10000 |
g Mean -0.5944 Mean -0.8304
BS00 |- | RMS 5.037 RMS 14.17
5 Underflow o Underflow 22
I.E Overflow [} Overflow 10
400

300

200

100

¥ [mm]
o
IIII|IIII|IIIIIIIII|IIIIIIIIIIIIIIIIIII

-40
40

-30

-20

-0 0
X [mm]

10

20 30 40

¥ [mm]
=
IIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIII

[P RN W R

40
-40

-30

=20

-0 0
X [mm]

10

20 30 40



Halo Amplitude (mm)

[ Halo Amplitude Growth }

Halo Amplitude vs. Turn Number
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Beam Fraction > =, [%]

Beam Fraction > =, [%]

[ Transverse Emittance Distribution }

Beam Fraction vs, Emittance
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Beam Fraction vs, Emittance

In order to quantify the amount
of halo in a distribution, the
fraction of particles outside

N times its RMS emittance in
each plane is plotted.

Thus, the development of beam

halo can be clearly separated
from & .o growth.
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Transverse Emittance Growth

RMS Hor. Emittance (r-mm-mmrad)
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Fract. Diff. Hor. Emitt.
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[ Transverse Emittance Growth Rate }

Fract. Diff. Hor. Emitt. Growth _
Ae _ L
e b

3

25
28

— . fi oy
"am "a - um g
27 xo L .. -. -... = '.. L}
26 . . an . . ..
. " o ™
25
24

2.3

o
-

= L]
Y = "'
s

[ | [
e B "
L]

2.2
21

IIII|IIII‘.|IIIILILI.I [ :-I_IIH‘FTHTFIWP'W

7 L L L 1 L L L 1 L L L 1 L L L 1 L ) L 1
200 400 GO0 BOD 1000

Turn Number

.

: Fract. Hor. Emitt. Growth . .
323 EX" . . . .-'..: ."'

33

— 23U . R S T
: %( IR, - ‘,'ﬂ___

- i 0 -.. . : L ol ". LS .' L a "
36 . . . L e mye LS.
3 E‘ L1 [ L L] LN ;... .—.l.'- L} .'.;:.;.r'-. [ - "
5 = . " . " 0 [ m [L] Y, F T el

? . . s ® s b Lu = TR, PR - -l oo
4 Lttt At ety R TP YR

" . " [ . . ) » i T

3.2
34

IIII|IIII|IIIILI_LI| "
L . = . "
ol
-
iy
-
[
"
-
=
-

13



[ Observed Trends }

The Simulation shows that the following is sources of
beam degradation and halo formation.

(1) Magnet alignment errors in presence of space charge effects.
Rotational alignment errors induce more rapid
halo and tail formations and transverse emittance growth.

(2) Power-Supply Jitters

(3) Beam Emittance Mismatch:
Its contribution to halo formation appears to be insignificant.
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[ What's Next? }

So far, transverse beam dynamics ( 2-D motion ) has been
investigated.

Simulation with sufficiently large number of macroparticles (~ 1M )

Planning to look into the other missing dimension
( longitudinal beam dynamics).
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Planned Runs

Number of Translational Longitudinal Rotational
Macros Errors Errors Errors Space Charge
100 K X-Y
2.5D
100K X-S /Y-S 2.5D
100 K XY 2.5D
100 K S 2.5D
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